Abstract: The aim of the present study was to investigate the relationship between environmental vapor concentrations in organic solvent workplaces and size of enterprises, and to examine if occupational hygiene conditions were better in larger-scale enterprises. For this purpose, a total of 3,567 solvent workplaces were surveyed for environmental solvent vapor concentrations in 1999 to 2002. The results were classified by the size of enterprises (taking the number of employees as an indicator) and by the type of solvent work. It was observed that the vapor concentration in a typical small-scale enterprise was approximately three times as high as that in the large-scale enterprise, although the administrative control levels were not exceeded in general. The proportion of testing and research work (with less use of organic solvents and thus low vapor concentrations) among all solvent workplaces was higher in large-scale enterprises than in small-scale enterprises. The vapor concentrations in this type of workplace did not differ however irrespective of the enterprise size. Further comparison in various types of solvent workplaces disclosed similar size-dependent difference in workplaces for degreasing, cleaning, wiping, printing, and surface coating. In painting and solventdrying work, in contrast, there was no difference in environmental concentration regardless of the size of enterprises, possibly because environmental improvement of this type of workplaces was technically more difficult than others. Thus, it was concluded that large-scale enterprises generally had better control of work environments than small-scale enterprises, with possible exceptions of painting work and solvent-drying work.
Introduction
Through industrial hygiene activities in various industries, it is often experienced that the levels of occupational health in general and that of work environment control in particular vary substantially in relation to many factors such as the size of the enterprise. Thus, attention is better given toward occupational health e.g. in terms of nomination of occupational health doctors and occupational health managers in enterprises of larger scales, whereas reverse is often the case in small-to medium-scale enterprises possibly because of weaker financial basis and limited human resources. Such experiences have been described in reports from several occupational health promotion centers 1, 2) in recent years. Evaluations are however usually based on subjective judgment even if scoring is applied, and reports on quantitative evaluation of the difference in working environments e.g. in terms of chemical concentrations in workroom air are still scarce.
The present study was initiated with aims to clarify scaledependent difference in work environment in a quantitative manner. Organic solvent workplaces were taken as examples, and vapor concentrations (in reference to the ministry-defined administrative control levels 3, 4) , or ACL in short) of organic solvents in workroom air were taken as an indicator of industrial hygiene levels in relation to the size of enterprises. The results are summarized in the present report to describe general trends by types of solvent work, as well as types of work difficult to achieve good hygienic conditions.
Materials and Methods

The enterprise survey, and enterprise classification by size
The survey was conducted in a three-year period from April, 1999 to March, 2002 in 242 enterprises (most of them were examined up to 6 times, so that the number totaled 993 enterprises), located mostly in Kyoto prefecture, Japan. Most of the enterprises were members of Kyoto Industrial Health Association, and the numbers of employees were registered every year. The data on employee numbers when missing were supplemented by the information available in home page of the enterprise. Those in the head office, branches and plants were all combined.
The number of employees in each enterprise distributed in a wide range; the minimum and the maximum were 8 and 14,700 workers, respectively. There was a marked skewness in the distribution of the number of employees in each enterprise (Fig. 1) . Thus, the arithmetic mean (AM) and arithmetic standard deviation (ASD) of the number of employees per enterprise were 409.4 and 1,338.1 (the ASD being greater than the AM), and the geometric mean (GM) and the geometric standard deviation (GSD) were 110.3 and 3.937 (the large GSD suggesting a marked distribution bias). Based on the data, the size of enterprises was classified by number of employees into four classes of A, 1 to 50 workers; B, 51 to 200 workers; C, 201 to 500 workers; and D, 501 or more workers [so that at least 500 solvent workplaces were available in each class; Table 1 ].
Type of solvent workplaces
Information was collected at the time of the workplace survey, and each of the 3,567 workplaces was classified into 12 types in accordance with the governmental ordinance 6) , as described in Table 2 .
Measurement of solvent vapor concentrations
Measurements were carried out in accordance with the regulatory guidance [4] [5] [6] . In practice, air samples were collected in Tedlar ® bags at the crosses of a hypothetical grid in each solvent workplace, and the solvents in the sample air were analyzed by FID-gas chromatography; a 25 m-long widebore PEG 2000 capillary column was employed for qualitative analysis, whereas a 1 m-long PEG 6000 packed column was used for quantification. A geometric mean (GM) of 5 or more measures in a solvent workplace was taken as a representative parameter for the workplace (thus only the results of area monitoring 3) were taken in the present analyses). Because more than one solvent was detected in most air samples (noting that the use of a mixture rather than unmixed individual solvent was common [7] [8] [9] [10] ), the additiveness formula 11, 12) was applied (including the cases of single solvent use), taking the measured concentration as a numerator and the ministry-defined administrative control level (ACL) 3) There were more than 2,000 employees in 9 enterprises, which are not shown in Fig. 1 [A] . Because more than one solvent was detected in most of the workplaces, the solvent concentrations are expressed in terms of the sum (SUM) after application of the additiveness formula (for details, see the Materials and Methods section). The SUM was >1 in 20 workplaces, but the cases are not depicted in Fig. 1 [B] . as a denominator, followed by summation of the fractions (the sum is to be shown as SUM), namely, SUM = ∑ (OC i / ACL i ) where OC i and ACL i are observed concentration and ACL, respectively, for solvent component i. The types of the solvents detected were various. Whereas the classification of the solvent type is to be presented in a separate paper, typical solvents analyzed are listed in 13) to show comparability of these limit values. In cases of solvents for which no ACL values were given, corresponding OELs, TLVs and MAKs (with priority given in the order to OELs, TLVs and MAKs) were taken in the place of ACLs.
Statistical analysis
Histograms showed that both the number of employees and the solvent concentration (in terms of SUM) distributed with remarkable skewness (Fig. 1 ). Accordingly, a lognormal distribution was considered for the two parameters so that a geometric mean (GM) and a geometric standard deviation (GSD) were taken as representative distribution parameters. When necessary, the maximum values (Max.) were also employed for evaluation. For statistical evaluation, ANOVA (analysis of variance) followed by multiple comparison test (Scheffe) were employed for parametric examination, and chi-square test for non-parametric examination for statistical significance of differences.
Results
Type of the enterprises and solvent workplaces
A majority (75%) of the enterprises surveyed were engaged in the production business, when classified according to the semi-detailed standard classification 14) . Among them, electric equipment producers were the leading type of the industry (15% of the total), followed by producers of metal products (13%), fine instrument producers (12%) and printing and related industries (10%). These 4 major types in combination accounted for 50% of all industries surveyed. Other production industries were producers of textiles (7%), machine parts (7%) chemicals (7%), and miscellaneous goods (4%). Solvent workplaces surveyed counted 3,567 in total. When the number of solvent workplace per enterprise was calculated, the number increased as a function of the size of enterprises (Table 1) . Thus, the average was 1.5 places/enterprise in smallscale enterprises in Category A, whereas it was 12.0 for largescale enterprises in Category D. The grand mean was 3.6 solvent workplaces per enterprise ( Table 1) .
Type of solvent work in relation to enterprise size
When the type of solvent work was classified in relation to the enterprise size (Table 4) , Type 9 solvent work (painting) was the leading work type in two Classes of A and B of smallscale enterprises, and it was Type 8 (cleaning and wiping) in the two Classes of C and D of large-scale enterprises (Table  4) . Thus, the most common solvent work was clearly different between small-and large-scale enterprises. Interestingly, Type 8 and Type 9 works were the second most common in Class B and Class C, respectively, probably reflecting intermediary nature of these enterprises. On the same line, the share of Type 8 work (degreasing, cleaning and wiping) was much larger in Class D (44%) than in Classes A, B or C (18, 28 and 26%, respectively). When all enterprises were combined, Type 8 work (degreasing, cleaning and wiping) was most popular, accounting for 32% of the total, and then painting (18%) and printing (12%). These three work types were thus typical solvent work, and the combination made up more than 60% of the total. It should be worthy to note that Type 11 (testing and research work) accounted for more than 25% in 
Solvent vapor concentrations by type of work
When vapor concentrations were calculated for all types of workplaces combined (the bottom line in Table 5 ), the grand mean value (0.042) was less than one-twentieth of unity (i.e., 1). The finding indicates that the vapor concentrations were generally lower than the ACL. The highest GM concentration (0.186) was in Type 12 (work in a confined space), which was however still below the ACL. The lowest one (0.022) was Type 11 work (testing and research), followed by Type 4 (0.027; hand-writing and handdrawing) and Type 8 (0.029; degreasing, cleaning and wiping). Walk-through surveys showed that the amounts of solvent used in Type 11 and Type 4 were small. In addition, it was observed that machine-equipped degreasing work (Type 8) with large consumption of chlorinated solvents was mostly in Class A and Class B enterprises, whereas Type 8 work in Class D enterprise is typically hand-wiping of small metal or plastics parts with least consumption of solvents. Perusal of vapor concentration taking enterprise size into consideration suggested that solvent concentrations were conversely related to the enterprise sizes. ANOVA showed significant differences among the classes as shown in Table  5 (the right-most column). The analyses by the trend test also reproduced essentially the results of ANOVA (data not shown). The GM values were various depending on the types of solvent work even within the same class (ANOVA at the bottom of Table 5 ). The most remarkable enterprise size-dependent reduction was in Type 5 (surface coating; from 0.116 in Class A to 0.010 in Class D), in Type 6 (adhesive spreading; from 0.081 in Class A to 0.041 in Class D), and Type 8 (degreasing, cleaning and wiping; from 0.063 in Class A to 0.021 in Class D). Thus, the over-all evaluation among enterprises of different size showed that the grand GM for Class D (0.026) was less than one third of the counterpart value for Class A (0.088).
Two points worthy of attention were the facts that, contrary to other cases, inter-class difference was not significant (P>0.10 by ANOVA) in case of Type 10 (solvent drying), and that in case of Type 9 (painting) the difference in GM was only 32% when GM for Classes A and B (0.075 for both) was compared with that for Classes C and D (0.057 for both), although ANOVA suggested a significant difference among the classes. In fact multiple comparison test (Scheffe) disclosed that the significance of the difference between classes was at P<0.05 level for three pairs out of the six, and it was at P<0.10 for one pair and insignificant (P>0.10) for remaining two pairs. Thus, the power of the difference should be considered rather weak. Inter-class difference in case of Type 11 (testing and research) was of borderline significance (0.05<P<0.10; Table 5 ).
Although the ACL was not exceeded in most cases irrespective of enterprise size as discussed above, SUM was >1 (i.e., the concentrations were in excess of ACL) in 7 and 5 solvent workplaces in Type 8 (degreasing, cleaning and wiping) and Type 9 (painting) work, respectively. The cases are described in Table 6 , in reference to the enterprise size. The chi-square test showed (the right-most column in Table  6 ) that situations were quite different between the two types of solvent work. In Type 8, there was a clear-cut dependency on the size of the enterprise so that a majority of the excess cases (6 out of 7) were observed in smaller-scale enterprises (0 case in Class A may be explained by the fact that only 92 solvent workplaces were investigated). In contrast, the excess cases were detected rather evenly throughout the 4 classes with no substantial bias in the distribution.
Discussion
The present survey conducted in 1999 to 2002 made it clear that there were differences in vapor concentrations in solvent workplaces depending on the size of enterprises, and that the vapor concentration in a typical solvent workplace in a small-scale enterprise would be three times higher than that in a counterpart workplace in a large-scale enterprise, although the ACLs were not exceeded in almost all places. The trends that the vapor concentration conversely related to the size of the enterprise were common to various types of solvent work such as Type 3 (printing), Type 5 (surface coating), Types 6 and 7 (adhesive spreading and adhesion), and Type 8 (degreasing, cleaning and wiping), with possible two exceptions of Type 9 (painting) and Type 10 (solvent drying) where the vapor concentrations were more or less similar irrespective of the enterprise size (Table  5) .
More difficulties in occupational health services and resulting less favorable working conditions in small-scale enterprises (and thus as a reverse function of enterprise size) have been stressed for years and even recently. The problems are throughout the world, including both developed and developing areas, as well as areas with economy in transition [15] [16] [17] [18] [19] . The points raised as indicators of less occupational health activities in smaller scale enterprises have been typically the limited availability of man power and financial resources for occupational health. For example, lower rates of nomination of occupational health managers within the enterprise and less attention towards follow-up of health examination out-come were stressed in reports from regional occupational health centers 1, 2) . Other traditional markers include higher rates of injuries in workplaces and more frequent absence from work 17, 18) . Although higher levels of pollutants in workplace air in smaller-scale enterprises is quite conceivable, comparative evaluation in a quantitative manner across the enterprise size appears to have been seldom practiced, and in its sense, the present report may be among few that describe the exact situation in terms of objective markers like solvent vapor concentrations. The concentrations measured were the levels in workroom air following grid sampling strategy and may not be identical to the concentrations to which the workers were exposed 20) . The risk of skin penetration by some solvents (e.g., dimethylformamide 21) ) was also ignored. Nevertheless, the SUM values can be taken as a general indicator of occupational hygiene in solvent workplaces.
Although reference documents are very limited, several notes can be given from occupational hygiene experiences in solvent workplaces. As previously noted, the general trend of lower solvent concentrations in larger enterprises may be a reflection of more abundant man power, better application of occupational hygiene technology, more intensive education of workers for good work practice, and better financial resources. In addition, Type 11 work (testing and research) with limited use of solvents was concentrated to Class D enterprises, whereas Type 12 work (work in confined space) with higher risk of exposure to dense vapor was conducted only in Classes A and B enterprises. The biased distribution of these two types of work, one with low and the other with high exposure, might contribute to bring in substantial difference (three times) in vapor concentrations in workplace air when grand GMs for Class A and Class D were compared. A hypothetical calculation excluding these two types of work followed by comparison of Classes A and D however did not reduce the difference, possibly because the numbers of Type 11 and Type 12 solvent workplaces studied were rather small (i.e., 411 cases in combination out of a total of 3,567).
Further notes may be deserved to explain why differences were less marked in Type 9 (painting) and Type 10 (solvent drying) work. In typical painting work, painting will be carried out by use of a spray gun and in a local exhaust booth. Nevertheless, the air-pulling function may not be sufficient especially when the object to be painted is large in size or in the shape of a box, and bouncing back from the painted surface is rather substantial. Similar limitation in industrial hygiene technology to control the escaping vapor may also be the case in Type 10 work.
